Introduction
Head and neck mucosal squamous cell carcinoma (SCC) may be treated with surgery and/or radiotherapy (RT) with or without adjuvant chemotherapy. The optimal treatment strategy depends not only on the location and locoregional extent of the SCC, but also on anticipated functional results, expertise of treatment teams and logistical considerations. The following is a brief discussion of head and neck mucosal SCCs where definitive RT is the preferred, or at least one of the preferred treatment options. We do not address advanced incompletely resectable SCCs where definitive RT is the treatment of choice by default. In general, concomitant platinum-based chemotherapy is indicated for patients with stage III-IV disease [1] . In the era of improved diagnostic follow-up modalities the use of planned neck dissection is limited only to patients not achieving complete response in the neck at 8-12 weeks after treatment completion as determined on post-RT computed tomography (CT) or positron emission tomography (PET-CT) [2] .
Nasopharynx
Although early-stage nasopharyngeal carcinomas are potentially resectable, the preferred treatment for the vast majority of these patients is RT alone or in combination with chemotherapy. Probably, the most informative data was presented by Lee et al. in their analysis of a large cohort of 1593 consecutive nasopharyngeal cancer patients treated between 1994 and 2010 in Hong Kong [3] . They observed a significant improvement in survival and toxicity when moving from two-dimensional RT to three-dimensional RT and intensity-modulated radiotherapy (IMRT): the resultant 5-year disease-specific survival rates (for all stages together) were 78, 81 and 85 %, respectively, and neurologic toxicity rates were 7.4, 3.5 and 1.8 %, respectively. However, the RT technique alone did not contribute to this improvement, but also advances in imaging and the increasing use of chemotherapy which was, on the other hand, an important cause of hearing impairment. With more potent chemotherapy and/or innovative methods to overcome the plateau in the local control reached with present treatment strategies, and with optimization of RT dose constraints for different organs at risk, further improvement of the therapeutic ratio could be expected [3] .
Oropharynx
Patients with oropharyngeal cancer, particularly those arising in the tonsil and base of tongue, may be treated with RT or transoral resection. So far, no randomized trial compared face-to-face primary surgery [with or without adjuvant (chemo)radiation] and primary (chemo)RT. Excellent treatment results in RT-based series [4] [5] [6] , particularly in the era of IMRT and the high proportion of HPV-positive tumors, makes it a good treatment alternative for the majority of patients with oropharyngeal SCCs or even a preferred treatment option in many institutions around the globe [7] [8] [9] [10] . In view of significant treatment morbidity and mortality associated with high-dose chemo-RT, as well as in patients treated with open radical surgery with or without tissue reconstruction [11] [12] [13] , transoral robotic surgery (TORS) was introduced which resulted in high local control rates and favorable survival outcomes [14] . However, even when using this most advanced surgical technique, adjuvant RT is needed in the majority of patients, mainly due to the advanced N-stage of the disease, with concurrent use of platinum-based chemotherapy in those with positive surgical margins and/or extracapsular tumor spread. Thus, when adjuvant treatment is added to TORS, the overall treatment toxicity is increased. Recently, de Almeida et al. compared the effectiveness and adverse effects of IMRT (8 series with 1287 patients, 43 % received chemotherapy and 30 % had neck dissection for persistent disease) and TORS (12 series with 772 patients, 26 % had adjuvant RT and 41 % had adjuvant chemoradiation) in early T-stage oropharyngeal SCC and found no difference in the overall survival rates at 2 years between the two treatment modalities [15] . Even though the toxicity seems to be lower in TORS-based studies, bias in the selection of patients for TORS, inherently linked to a nonrandomized comparison, precludes any firm conclusion. The results of ongoing randomized studies comparing TORS and IMRT, with sufficiently long follow-up times to reveal the majority of potential toxicities, are awaited. Patients suitable for up-front surgery are those with T 1 -T 2 N 0 -N 1 SCCs who may not require postoperative RT. Thus, definitive RT appears to be an equally good option as primary surgery for all other patients with oropharyngeal SCC.
Supraglottis
Patients with supraglottic SCC may be stratified into relatively low-volume primary cancers suitable for a supraglottic laryngectomy or definitive RT and advanced SCCs that are best treated with a total laryngectomy and neck dissection usually followed by postoperative (chemo)RT [16, 17] . Patients who are suitable for larynx preservation have small primary tumors (6 cm 3 or less as assessed on a contrast-enhanced CT), have a good airway and non-compromised swallowing. Patients with invasion through the cartilage (T4) have been excluded from organ preservation studies following a poor outcome in the VA laryngeal preservation study, which delivered RT alone after a complete or partial response to induction chemotherapy. However, there is recent evidence that delivering concurrent chemo-RT may achieve reasonable local control in some of these patients [18, 19] .
Patients who are good candidates for a partial laryngectomy must also have adequate pulmonary reserve, so that they can withstand some aspiration postoperatively. In general, patients also tend to have N 0 -N 1 neck disease, so that postoperative RT can be avoided. It is unwise to operate when positive margins at the primary site are anticipated because high-dose postoperative RT to the primary site after a partial laryngectomy may result in a poor functional outcome. Patients who have low-volume, favorable primary SCCs unsuitable for a partial laryngectomy are treated with definitive RT. After consistent consideration of the above-listed pro et contra argument, the 5-year locoregional control rates in the range well above 80 % can be expected for early-stage I-II tumors and C60 % for stage III-IVA tumors with acceptably low (\5 %) probability of severe late complications, comparing favorably with the surgical series [16, 20] .
Glottis

T1-T2
T1-T2 glottic SCC may either be treated with definitive RT or transoral resection (TLR), offering the advantage of voice preservation and similar survival rates [21] . Selection of the patients for either of the two treatment modalities should be based on a more comprehensive assessment of particular clinical scenario and not just on the T-stage criterion, e.g., location and extent of the tumor, medical condition of the patient, and expertise of the attending physician. Patients suitable for TLR usually have less advanced and well-defined SCCs confined to the mid-third of one vocal cord; TLR can be done on outpatient basis and repeated several times. Depending on the surgeon, more extensive lesions may be suitable for TLR with a good functional outcome. On the contrary, RT can be used in all patients with early-stage glottis SCC, also with anterior commissure involvement, but is delivered over several weeks, associated with higher cost and cannot be repeated. Open partial laryngectomy is usually reserved for larger lesions or as a salvage procedure for a local recurrence after RT [22] . Patients are irradiated to the larynx only; the risk of subclinical regional disease is low and the neck is not electively irradiated or dissected. Only one prospective study was reported in the literature, randomizing 56 patients with T1aN0 vocal cord SCC over a 10 year recruitment period between the RT arm and TLR arm. No significant difference in the overall voice quality and local control was observed at 24 months post-therapy between the two groups, with a more breathy voice, wider glottis gap, and more hoarseness-related inconvenience in daily living reported after TLR [23] . The results of retrospective analyses of large patients' series showed that after RT the initial local control rates for T1 tumors and T2 tumors with normal vocal cord mobility were well above 80 % (up to 100 %) and fell to 76 % at best in the subgroup of T2 tumors with impaired vocal cord mobility. For these patients, more intensive treatment scenarios should be considered when conservation surgery is not possible, i.e., concomitant platin-based chemoradiation, RT plus cetuximab or altered-fractionated RT over conventional RT alone [24] .
T3-T4
In more advanced laryngeal tumors, selection of patients for organ-sparing non-surgical treatment strategies is essential to assure adequate local control and improved quality of life [i.e., comparable to total laryngectomy and adjuvant radio(chemo)therapy as a gold standard] [25] . In several randomized trials aiming at preserving the larynx, it was spared in approximately two-thirds of the patients with radiation-sensitive tumors who underwent non-surgical treatment. To maximize the chances for local control and a functional organ that allows reasonably good speech and swallowing function, only patients with favorable lowvolume T 3 -T 4 SCCs are suitable for definitive RT, i.e., those with primary cancers 4 cm 3 or less, good baseline laryngeal function (i.e., airway and swallowing function), and are less than 70 years old to ensure safe administration of systemic drugs and radiotherapy and a satisfactory posttreatment restoration of laryngeal function [26] . However, the optimal combination of RT and systemic therapy is to be defined: in the RTOG 91-11 phase III randomized trial; superior locoregional control and larynx preservation rates were associated with the combination of RT and concurrent cisplatin (over the RT alone arm and the induction chemotherapy followed by RT arm), although the 10-year overall survival was the worst in this arm (28 vs. 32 vs. 39 %) [27] . The reason was fatalities unrelated to laryngeal cancer, most likely unreported toxicity of concurrent chemoradiation, compromising swallowing function and causing silent aspiration. On the other hand, induction chemotherapy can be used to select patients with more/less chemo-and radiosensitive tumors which can guide subsequent treatment decisions [25, 26] .
Pyriform sinus
Patients with SCC of the pyriform sinus may be stratified into low-volume favorable primary cancers suitable for larynx preservation either with definitive RT or a partial laryngopharyngectomy (PLP) or more advanced SCCs that are optimally treated with a total laryngectomy combined with a partial or total laryngopharyngectomy, neck dissection, and postoperative RT. Favorable lesions are less than 6-7 cm 3 on pretreatment CT, have mobile vocal cords, a good airway, and preserved swallowing function. For T1-T2 pyriform sinus cancers, the outcomes after definitive RT are usually as good as those after PLP with 5-year local control rates in the range of 85 %, so that RT is often the treatment of choice [28] [29] [30] [31] . Also, in more advanced but resectable stage III-IV hypopharyngeal SCC, local control after organ preserving combination of RT and chemotherapy seems to favorably compare with the results of primary surgery followed by adjuvant RT [32] .
Pharyngeal wall T 1 and early T 2 pharyngeal wall SCCs may be treated with transoral excision. However, these lesions tend to spread beyond their apparent borders in the submucosal lymphatics, so that it may be difficult to obtain adequate margins. Another alternative is to treat patients with pharyngeal wall SCCs with definitive RT. The latter approach is favored at the University of Florida. Mendenhall et al. reported on 170 patients treated with definitive RT at the University of Florida between 1964 and 2009; all living patients had a minimum follow-up of 1.7 years [33] . Thirty patients (18 %) received adjuvant chemotherapy and 43 patients (25 %) underwent a planned neck dissection. The 5-year LC rates were: T 1 , 93 %; T 2 , 84 %; T 3 , 60 %; and T 4 , 44 %. The 5-year LRC rates were: I, 88 %; II, 85 %; III, 58 %; and IV, 44 %. Twenty-five patients (15 %) had severe late complications including permanent feeding tube (17 patients), mandibular osteoradionecrosis necessitating surgery (1 patient), permanent tracheostomy (1 patient), and persistent soft tissue necrosis (6 patients). Four of 6 patients with soft tissue necrosis died as a result of the complication.
Conclusion
Definitive RT is a good treatment option and often the preferred option for patients with a variety of mucosal head and neck SCCs. The majority of patients present with stage III-IV disease and are likely to benefit from the addition of concomitant chemotherapy. There remain a number of questions including improved target definition as the role of more conformal RT techniques including IMRT and proton beam RT expand, the optimal fractionation schedule particularly when combined with concomitant chemotherapy, de-intensification for HPV-positive non-smokers with oropharyngeal cancers, and the potential role of induction chemotherapy.
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